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HYDROGRAPHIC  MEASUREMENTS  IN  THE  WESTERN  ALBORAN  SEA,  OCTOBER  1982 

1.  INTRODUCTION 

The  Naval  Ocean  Research  and  Development  Activity  (NORDA)  is  studying  the  in¬ 
flow  of  the  Atlantic  Water  Into  the  Mediterranean  Sea  In  an  Office  of  Naval  Research 
funded  project  entitled  "Mesoscale  Flow  Dynamics  in  the  Strait  of  Gibraltar  and 
Alboran  Sea."  This  project  has  become  part  of  an  International  study  of  the  Alboran 
Sea/Strait  of  Gibraltar/Gulf  of  Cadiz  region.  This  broader  study  has  taken  the  name 
iDonde  Va? . 

The  second  of  two  iDonde  Va?  field  periods  occurred  during  October  1982  (Donde 
Va  Group,  1984).  We  did  78  CTD  (conductivity  temperature  depth  profiler)  stations 
and  152  XBT  (expendable  bathy thermography)  drops  (Bergin  and  Kinder,  1983)  during 
USNS  BARTLETT  cruise  1311-82.  This  note  discusses  the  CTD  data. 

2.  CRUISE  PLAN 

The  plan  of  the  cruise  was  to  accomplish  seven  objectives  (listed  in  decreasing 
priority): 

•  Recover  five  subsurface  current  meter  moorings  that  had  been  deployed  in 

June; 

•  Do  CTD/XBT  sections  across  the  Atlantic  inflow  and  Alboran  Gyre  in  coordina¬ 
tion  with  the  Spanish  ship  CORNIDE  DE  SAAVEDRAA; 

•  Obtain  velocity  profiles  across  the  Atlantic  inflow  with  a  tethered  velocity 
profiler; 

•  Do  CTD  or  velocity  profiler  time  series  stations; 

•  Obtain  airsonde  and  other  meteorological  data; 

•  Obtain  aerosol  data; 

•  Take  Secchl  disc  readings. 

The  CTD/XBT  sections  (Fig.  1,  Tables  1-2)  were  designed  to  cross  the  historical 
position  of  the  Atlantic  Inflow  and  the  anti cyclonic  gyre  (Cano  and  de  Castillejo, 
1972;  Lanoix,  1974;  Cheney  and  Doblar,  1982;  Parrilla  and  Kinder,  1984).  We  also 
received  Infrared  satellite  Images  during  October  from  M.  Phi 111 pe  (Centre  de 
Meteorologle  Spatlale,  Lannion,  France)  and  P.  E.  La  Vlolette  (NORDA). 

3.  DATA  COLLECTION  AND  PROCESSING 

Data  were  acquired  from  a  Neil  Brown  MK  III  CTD  that  was  lowered  at  60  m/min. 
The  onboard  digital  recording  system  malfunctioned,  so  that  data  had  to  be  recorded 
in  analog  form  on  the  backup  tape  deck.  This  tape  deck  had  intermittent  failures  in 
one  channel  that  resulted  In  large  data  losses  at  some  stations.  For  those  stations 
marked  "not  on  tape"  In  Table  1,  we  have  only  the  shipboard  printouts  that  were  in¬ 
tended  for  preliminary  data  analysis  only.  The  data  for  these  stations  were  limited 
to  about  one  sample  every  5  m  compared  to  one  sample  every  few  centimeters  for  other 
stations.  In  this  report  the  data  from  the  stations  without  a  tape  record  are  not 
plotted. 
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250186  1005  13  OCT  286  36  04.2  3  02.7  S  1680  Repeat  250185 


13  OCT  286  36  06.5  3  01.7  0  1603  To  500  m  only 


• 

( 

Table  2.  Positions  for  Time- Series  Station 

„  Yo-Yo  # 

Time 

Day  Latitude  (N) 

Longitude 

(W)  Depth  (m) 

Comments 

a 

• 

t 

501 

1334 

14  OCT  287  36-16.8 

4-46.1 

798 

To  785  m 

502 

1420 

36-16.9 

4-45.0 

503 

1440 

36-17.2 

4-45.2 

504 

1500 

36-17.5 

4-45.3 

m  505 

1520 

36-17.7 

4-45.3 

■  506 

1540 

36-18.2 

4-45.0 

Not  on  tape 

• 

1 

507 

1600 

36-18.5 

4-44.7 

732 

508 

1620 

36-18.8 

4-44.7 

723 

509 

1640 

36-19.0 

4-43.7 

710 

510 

1700 

36-19.4 

4-44.2 

694 

1 

_  -  511 

1720 

36-19.6 

4-43.9 

698 

i 

j4  512 

1740 

36-19.5 

4-44.4 

• 

1 

513 

1800 

36-19.6 

4-43.8 

514 

1820 

36-19.5 

4-43.5 

658 

515 

1840 

36-19.4 

4-43.6 

679 

516 

1900 

36-19.5 

4-43.8 

695 

517 

1920 

36-19.4 

4-44.1 

692 

i 

•  518 

1940 

36-19.3 

4-44.0 

694 

• 

< 

519 

2000 

36-19.3 

4-44.3 

692 

520 

2020 

36-19.1 

4-44.2 

703 

521 

2040 

36-18.8 

4-44.3 

714 

522 

2100 

36-18.6 

4-44.1 

728 

ka  523 

2120 

36-18.1 

4-44.3 

743 

9  524 

2140 

36-17.9 

4-44.1 

763 

• 

< 

525 

2200 

36-17.5 

4-44.5 

776 

526 

2220 

36-17.2 

4-44.2 

792 

527 

2240 

36-16.7 

4-44.2 

803 

523 

2300 

36-16.8 

4-44.3 

815 

_  529 

2320 

36-16.9 

4-44.1 

823 

9  530 

2340 

36-17.0 

4-43.9 

820 

• 

531 

0000 

15  OCT  288  36-16.7 

4-44.4 

818 

532 

0020 

36-16.7 

4-44.3 

814 

533 

0040 

36-16.7 

4-44.4 

812 

534 

0100 

36-16.6 

4-44.6 

808 

535 

0120 

36-16.8 

4-45.6 

804 

.•  536 

0140 

36-17.0 

4-46.0 

794 

• 

( 

537 

0200 

36-17.1 

4-45.8 

783 

538 

0220 

36-17.5 

4-45.4 

782 

539 

0240 

36-17.7 

4-45.4 

759 

540 

0300 

36-18.2 

4-45.6 

714 

541 

0320 

36-18.6 

4-45.8 

710 

•  542 

0340 

15  OCT  288  36-18.9 

4-45.8 

700 

To  685  m 

• 

< 

• 

• 

i 

8 

• 

• 

The  analog  tape  data  were  transcribed  to  digital  form  and  then  edited  to  remove 
spikes.  The  sensor  responses  were  matched,  and  then  the  data  were  pressure-sorted 
and  filtered  to  produce  1-dbar  averages  (Hal lock,  1982).  Salinities  were  calculated 
using  the  1978  practical  salinity  scale  (Lewis  and  Perkin,  1981),  potential  tempera¬ 
ture  using  Fofonoff  (1962),  and  density  (as  sigma-theta)  using  UNESCO  (1980)  and  ~  a 

Millero  and  Poisson  (1981).  The  new  salinity  and  density  algorithms  will  differ  from 
the  older  algorithms  in  the  range  of  Mediterranean  Water.  The  Deep  Water  salinities 

3 

are  about  0.006  lower  (Lewis  and  Perkin,  1981),  and  the  densities  about  0.02  kg/m 
lower  (Parrilla,  1984). 

Water  samples  obtained  with  a  rosette  sampler  were  used  to  monitor  CTD  • 

performance.  Two  water  samples  were  collected  at  the  same  depth  at  each  of  10 
stations  (frequent  rosette  malfunctions  reduced  the  number  of  samples  collected). 

Water  sample  salinities  were  determined  using  a  Guildline  Sal i nometer,  and  compared 

to  the  CTD  values  (Table  3).  The  CTD  was  0.008  lower  than  the  water  samples.  Using 

the  same  CTD  and  salinometer  in  June  (Kinder  et  al.,  1983),  we  estimated  that  the 

CTD  was  0.003  too  low.  The  same  salinometer  and  the  same  operator  were  used  to  check  • 

the  Neil  Brown  CTD  on  the  CORNIDE  DE  SAAVEDRAA  during  October,  and  the  agreement  was 

within  0.003.  We  also  compared  salinity  cross  sections  from  the  Mediterranean  Water 

below  500  dbar  for  June  and  October  BARTLETT  data  and  for  October  CORNIDE  DE 

SAAVEDRAA  data.  Because  of  the  small  salinity  gradients,  a  difference  of  0.005  at 

1000  dbar  displaces  the  isohaline  about  100  dbar.  The  intercomparison  of  the  three 

data  sets  showed  that  the  October  Bartlett  deep  salinities  were  0.003  to  0.008  too  • 

low.  We,  therefore,  added  a  correction  of  0.005  to  all  the  BARTLETT  October  CTD 

salinities.  This  correction  makes  the  three  data  sets  more  compatible  below  500 

dbar,  and  has  no  consequences  at  shallow  depths  because  of  the  large  salinity 

gradients  there.  Accuracies  for  this  data  are:  0.005°C,  0.005  salinity,  and  5  dbar. 

Because  new  algorithms  were  being  implemented  while  these  data  were  being  • 

processed,  there  are  several  anomalies  in  the  plotted  data: 

•  Potential  temperature  is  used  throughout,  although  sometimes  labeled  as  "t" 

(e.g.,  sigma-t); 

•  Salinity  was  always  calculated  using  practical  salinity  units,  although  it  is  * 

labeled  "ppt."  Practical  salinity  has  no  units; 

t  Density  is  always  represented  as  sigma-theta,  although  it  is  labeled  as 
"sigma-t" ; 

•  Density  in  the  plots  was  calculated  using  the  older  algorithms  (Fofonoff,  • 

1962).  This  is  significant  for  the  Mediterranean  Water  theta-S  diagrams  where  the 

3 

plotted  isopycnals  are  about  0.02  kg/m  too  high.  Data  files  for  this  data  and  for 
the  June  data  (Kinder  et  al.,  1983)  have  been  updated  with  the  new  algorithm. 

Navigation  was  by  radar  and  visual  fixes  near  land,  and  by  satellite  and  omega  • 

elsewhere.  Station  positions  near  land  were  accurate  to  about  0.5  km.  Away  from 
land,  the  combination  of  accurate  but  intermittent  satellite  fixes  and  continuous 
but  inaccurate  omega  gave  an  estimated  accuracy  of  about  1  km.  Individual  fixes 
based  on  the  satellite  system  were  accurate  to  about  0.5  km  and  on  omega  to  about 
2.0  km. 
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« 

I  Station 

Table  3. 

„  Water  Sample 

T(°C) 

Salinity  Calibration 

CTD 

P(dbar)  T(°C) 

Sample  -  CTD 

• 

• 

106 

12.88 

38.435 

410 

12.86 

38.422 

+0.013 

112 

13.00 

38.424 

1067 

12.93 

38.419 

+0.005 

■ 

• 

1  114 

13.03 

38.442 

1178 

12.98 
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4.  DISCUSSION 


In  addition  to  composite  theta-S  plots  (Fig.  2),  we  have  also  provided  four 
plots  for  each  station  (Figs.  3-69).  Plot  A  is  the  density  as  sigma-theta  (labeled 
as  sigma-t),  salinity,  and  potential  temperature  (theta)  versus  pressure  for  the 
entire  cast.  Plot  B  is  the  theta-salinity  correlation  diagram  for  the  entire  cast. 
Plot  C  is  the  same  as  plot  A,  but  it  is  limited  to  the  upper  70  dbar  to  illustrate 
details  of  interest  to  iDonde  Va?  optical  and  biological  investigators.  Plot  D  is 
the  same  as  B,  but  limited  to  potential  temperatures  below  13.4°C  to  illustrate  the 
properties  of  Mediterranean  Water. 

Station  200  (Fig.  36)  was  designated  an  Intercalibration  station  with  the 
CORNIDE  DE  SAAVEDRAA,  and  it  shows  the  water  masses  normally  present  in  the  western 
Alboran  Sea  (Fig.  2).  Low  salinity  Atlantic  Water  occupied  the  upper  100  dbar  as  a 
nearly  isohaline  but  thermally-stratified  layer  (20.5°C,  36.46,  3  dbar;  15.5°C, 
36.47,  103  dbar).  At  72  dbar,  there  was  a  small  salinity  minimum  (36.41)  within  this 
layer  relict  from  the  North  Atlantic  Central  Water  (Lanoix,  1974).  Salinities  then 
decreased  while  temperature  decreased  until  a  slight  temperature  minimum  (about 

0.015°C  cooler)  at  270  dbar  (13.16°C,  38.41,  29.00  kg/m3)  that  delineates  Mediter¬ 
ranean  Winter  Water  (Lanoix,  1974;  Parrilla  and  Kinder,  1984).  Below  this  was  the 

Intermediate  Water  salinity  maximum  (400  dbar,  13.15°C,  38.49,  29.07  kg/m3)  that  is 
relict  of  Levantine  Intermediate  Water  (Katz,  1972;  Parrilla  and  Kinder,  1984).  Both 
potential  temperature  and  salinity  then  decrease  to  the  bottom  where  Western  Medi¬ 
terranean  Deep  Water  resides  (Lacombe  et  al.,  1981;  Parrilla  and  Kinder,  1984)  (1400 

dbar,  12.75°C,  38.42,  29.10  kg/m3). 

Time-series  station  262  consisted  of  42  casts  made  near  the  same  point  (Table  2 
has  positions)  over  14  hours.  The  first  and  last  cast  were  made  close  to  the  bottom, 
and  the  other  casts  were  between  5  and  350  dbar.  Figure  70  has  five  parts.  Parts  A, 
B,  and  C  are  successive  vertical  profiles  of  temperature,  salinity,  and  density. 

Part  D  is  the  successive  theta-salinity  diagrams,  and  Part  E  is  the  composite 
theta-S  diagram.  The  figure  shows  changes  in  both  the  T-S  correlations  and  a  large 
downward  displacement  of  the  isopycnals  when  a  25  m  amplitude  internal  wave  passed 
the  station  during  casts  536-538. 
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Figures  40c  and  40d 


89 


2 n 


^ID-MA138B 

UNCLASSIFIED 


HYDROGRAPHIC  HEftSURENENTS  IN  THE  WESTERN  RRLBORflN  SEN 
OCTOBER  1982(0)  NAVAL  OCEAN  RESEARCH  AND  DEVELOPNENT 
ACTIVITY  NSTL  STATION  NS  T  H  KINDER  ET  AL.  APR  84 
NORDA-TN-273  F/0  8/18 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS -1963 -A 


CftUISC  1)  lift  2 
STATION  214148 
ALBOftAN  StA  CTO  OATA 


sal(ppt) 

m»  j>  m 


200 

300 

* «o 

*QO 


THCTA(DCC-C) 


uoo 

ooo 

*00 

»»oo 


CNUlSt  131182 
STATION  214148 
ALBOflAN  SC A  CIO  DATA 


»  SJCVA-T 

»  3*  1>  II _ 

°  SAL(PPT) 

M _ Ml _ M _ Ml _ 3/ _ 3/.S _ 3 


»  1  HE  TA(OEC-C) 


Figures  41c  and  41d 


9 


ALBORAH  SEA  CTD  DATA 
CRUISE  131183  STATION  313149 

ad  1.  - ..  -  —  J — ■  i  '"i - 1 - 1 


t 


CmjiSC  OH«2 
STATION  215149 
ALSO* AN  SEA  CTO  DATA 


I 


400  - 

400  ■ 

*oo  • 

>M  • 

400  -L 


Cffurse  fJfraz 
STATION  215149 
ALOOAAN  SCA  CTO  DATA 


o 

» 

)•» 

u 

SAL(PP?) 

1<»  >/  3 1% 

a 

‘3 

U  14 

«* 

1HCTA(0EC  -C) 

»«  if  •  .# 

93 


I 


CRUISC  1311*2 
STATION  2)6  ISO 
ALftOftAN  SCA  CTO. DATA 


CRUISC  1311ft  2 
STATION  216150 
ALBOHAN  SCA  CTO  OATA 


Figures  43c  and  43d 


'5 


PfetSSURttOfeAR)  (WSSURE(06A«) 


SlCMA-r 


CftUlSC  131192 
STATION  2tS1»2 
AlBOftAN  SCA  CTO  OATA 


•  SAL(PPT) 

»  M.» _ M _ _ 37 _ >| 


TMCTA(OCC-C) 


4*0 


900 


•oo 


CPU  I  SC  13HS2 
STATION  219152 
AIBOPAN  SLA  CTO  OATA 


SAL(PPT) 


7hCTA<0£C  -C> 


Figures  45c  and  45d 


99 


patssosiWAf!)  p«ssJS(oe**) 


*  S  I  GMA— T 

as _ h _ ti _ as  as  is 

®  SAL(PPT) 


Figures  46c  and  46d 


101 


AIBORAN  SEA  CTD  DATA 
CRUISE  131182  STATION  221155 


C*UIS£  131182 
STATION  221155 
A{.0O RAN  SC A  CTO  DATA 


I 


V 


«oo  4 


1M 


»oo 


3SO,- 


•oo  4 


«»o 


CAUISC  131182 
STATION  221159 
AL80RAN  SCA  CTO  DATA 


SAL(RPT) 


lHETACOEC  -C) 


Figures  48c  and  48d 


ALBORAN  SEA  CTD  DATA 
CRUISE  13(182  STATION  222156 


SICMA-T 


cnuisc 

STATION 
ALSO MAN  SI 


191162 
224156 
1C  A  CT£ 


SAU(PPT) 


1  HCTA(OCC--C) 


CPU i  SC 

STATION  _ _ 

AlBOftAN  SEA  CTO  OATA 


191162 


I 

I 


* 


«  SICMA-T 

IS _ « _ IT  »» 

©  SAL(PPT) 

»  m  mi _ » _ m 


9  lHCTA(OEC-C) 


Figures  50c  and  50d 


109 


PttSS*£lDe«)  «£SSUS(DW«) 


CRUISE  13«B2 
STATION  2  26  MO 
- SEA  CT* 


ALBORAN  SEA  CTO  OATA 


m 


CRUiSC  <3tt«2 
STATION  226160 
ALBORAN  SC A  CTO  OATA 


41  1(1 


SAL(PPT) 

40  37  4T»  3* 


TMCTA(OtC-C) 


Figures  51c  and  51d 


111 


CRu:st  UHB2 
STATION  2  3016* 
AL0ORAN  SEA  CTO  DATA 


l 

I 

<s< 

tf 


THETA(0LC  -C) 


CKUiSC  OM#2 
STATION  230164 
ALOORAN  SEA  CTO  OATA 


Figures  52c  and  52d 


ALDORAN  SEA  CTD  DATA 
CRUISE  131182  STATION  238173 


_ ■  _ I - - - - L 

ru  T  • 


Figures  54a  and  54b 


CPU  l  SC  01182 
STATION  23817  3 
Al  BOR  AN  SEA  CTO  DATA 


ALBORAN  SEA  CTD  DATA 
CRUISE  131182  STATION  242177 


S  I  CMA-T 


CRUiSE  131182 
STATION  24257/ 

Ac GORAN  SEA  CTO  OATA 


SAL(PR^  ) 

3/ 


HE TACOcC  -C) 


Figures  55c  and  55d 
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Figures  57c  and  57d 
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Figures  59c  and  59d 
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Figures  60c  and  60d 


CRUISE  13«82 
STATION  249184 
ALBORAN  SEA  CTD  DATA 


5 

£ 


*  SlCMA-T 

as  2« _  _ r» _  2  s _ a» _ ao 

O  SAL(PPT) 

it  ass  a*  as  a  a;  a;  s  ae  ae  s  z“ 


o  ThETA(DEC-C) 


CRUISE  1J1IS2 
STATION  249184 
AlBORAN  SEA  CTO  DATA 


2» 

24 

S 1 OMA-T 

21  26 

29 

30 

O 

as 

35  5  34 

SAL(PPT) 

ae  >  a/  a?  s 

as 

36  S 

39 

9 

« 

’?  *•  '? 

1  HE  Ta(OEC  — C) 

>4  17  14  IS 

20  it 

22 

23 

Figures  61c  and  61d 
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Figures  65a  and  65b 


138 


P«.SSUM.(Of>*R) 


CRUISE  131182 
STATION  257  >93 
ACBORAN  SEA  CTD  DATA 


*  SlGMA-T 

2.9  2«  2?  29  29  ->0 


o  SAL(PPT) 

39  39  9  39  39  9  it  it  9  3*  3*  >  it 


IHETA(DEO-C) 


CRUISE  131182 
STATION  257193 
ALOORAN  SEA  CTO  DATA 


-  SICMA-T 

29  29  27 _ _  28  •  9  30 

O  SAL(PPT) 

39  J3  9  38  39  9  37  3/  3  38  3*  9  3y 


a  THETA(Dec-C) 


Figures  65c  and  65d 
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Figure  70e.  Composite  temperature-salinity  diagram 


SECURITY  CLASSIFICATION  OF  THIS  PASE  nrhwi  Data  Entered) 


I  REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

*.  TITLE  fond  Subtitle) 

Hydrographic  Measurements  in  the  Western 

Alboran  Sea,  October  1982 

S.  TYPE  OF  REPORT  A  PERIOD  COVERED 

Final 

S.  PERFORMING  ORO.  REPORT  NUMBER 

7.  AUTHORftJ 

Thomas  H.  Kinder  William  Teague 

Donald  A.  Burns  Michael  Stirgus 

1.  Contract  or  grant  number^ 

9  PERFORMING  ORGANIZATION  NAME  AND  AOORESS 

Naval  Ocean  Research  &  Development  Activity 
Ocean  Science  Directorate,  Oceanography  Div. 
NSTL,  Mississippi  39529 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 

PE61153N 

■  I.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Same 

12.  REPORT  DATE 

Mav  1984 

11.  NUMBER  OF  PAGES 

151 

U  MONITORING  AGENCY  NAME  A  ADDRESSfll  different  from  Controlling  OWco) 

IS.  SECURITY  CLASS,  (ol  thtm  report) 

UNCLASSIFIED 

ISa.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 

16-  DISTRIBUTION  STATEMENT  (of  fh/.  Report) 

Approved  for  Public  Release 

Distribution  Unlimited 

j"t7~ ^TsTRlmTTToNTTAfEMENTTo^iA^'iA^'racranrlfadlirsioeirjorirSTfaraoriJSriiSioriJ 


IS.  SUPPLEMENTARY  NOTES 


19  KEY  WORDS  ('Continue  on  reveree  elde  If  neceeeery  end  Identity  by  block  number) 

density  Alboran  Sea 

temperature  Mediterranean  Sea 

salinity 


20.  ABSTRACT  (Continue  on  reveree  el  do  It  neceeeecy  mid  Identity  by  block  number) 

During  October  1982,  78  CTD  stations  were  taken  in  the  Western  Alboran 
Sea  (Western  Mediterranean).  Vertical  profiles  of  potential  temperature, 
salinity,  and  density  are  presented  along  with  potential  temperature  versus 
salinity  correlation  diagrams.  A  comparison  of  CTD  and  water  sample  data 
is  presented,  and  the  rationale  for  a  salinity  correction  is  given. 


00 


FORM 

I  JAN  73 


1473  COITION  OF  I  NOV  «t  IS  OBSOLETE 

S/N  0102-  LF-  014-  6401 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAOC  (When  Dole  Entered) 


